Two bacterial strains (JC167 T and JC168) were isolated from a soil sample collected from
similarity between strain JC167
T and 168 was 100 %. Strain JC167 T showed 25.8±1 % reassociation (based on DNA-DNA hybridization) with B. saliphilus DSM 15402 T (56AG T ).
Distinct morphological, physiological and genotypic differences from previously described taxa support the classification of strain JC167 T as a representative of a novel species of the genus Bacillus, for which the name Bacillus luteus sp. nov. is proposed. The type strain is JC167 The genus Bacillus is one of the most diverse groups of bacteria, belonging to the family Bacillaceae and of the phylum Firmicutes. Members of the genus are Gram-stainpositive, rod-shaped, aerobic or facultatively anaerobic. They are sporogenic and produce endospores, which are resistant to different physical and chemical agents. They are common inhabitants of terrestrial and fresh water habitats and excel in extreme conditions including hypersaline water, hydrothermal vents and salt pans (Rüger & Richter, 1979; Arahal et al., 1999; Caccamo et al., 2000; Pappa et al., 2010; Zhang et al., 2010) . They also occur in the stratosphere (Shivaji et al., 2006) . Phosphatydilethanolamine, phosphatydilglycerol and diphosphatydilglycerol are the major polar lipids of members of the genus Bacillus (Täubel et al., 2003; Zhang et al., 2010; Kosowski et al., 2014) . Bacillus Group 6 accommodates alkaliphilic members, including Bacillus saliphilus (Romano et al., 2005) , Bacillus nanhaiisediminis (Zhang et al., 2011) , Bacillus daliensis (Zhai et al., 2012) , Bacillus plakortidis (Borchert et al., 2007) , Bacillus murimartini (Borchert et al., 2007) , Bacillus hwajinpoensis (Yoon et al., 2004) and Bacillus chagannorensis (Carrasco et al., 2007) . In this study we propose a novel species to accommodate members of Bacillus rRNA group 6 by characterizing two orange-pigmented strains (JC167 T and JC168) based on the minimal standards proposed for the aerobic endospore formers ) for description of new taxa.
While discovering pigmented bacilli from coastal regions of India, a total of twenty-two orange isolates were purified and identified as members of the genus Bacillus with twenty strains having 16S rRNA gene sequence similarity of .99.8 % with most type strains of this genus. The sample which yielded strain JC167 T and JC168 was collected from an agricultural soil sample at Mandapam, Tamilnadu, India (79 u 329 E 9 u 089 N) during June 2012. T and JC168 were preserved with glycerol stock (20 %) and lyophilization.
Colony morphology and pigmentation were observed on solid medium. Colonies were entire opaque, circular with irregular margins and were orange. Colony diameter ranged from 1.0 to 2.0 mm after 5 days of growth under optimal conditions. Colony texture was brittle/friable with raised elevations. Morphological properties (cell shape, cell division, cell size, flagella) were observed under an Olympus model BH-2 phase-contrast light microscope. Flagellar motility was not observed and was confirmed using the hanging drop method (Escherichia coli was used as positive control). Cells of strains JC167
T and JC168 were small rods, 0.9-1.0 mm61.0-3.0 mm, occurring singly. Cell division occurred by binary fission. Endospores were observed in liquid medium in 10-day-old cultures (grown under optimal conditions) by staining with Schaeffer and Fulton stains (Himedia Laboratories). Strains JC167 T and JC168 formed terminal endospores, which were cylindrical to oval in shape (0.5-0.6 mm60.9-2.0 mm) in a swollen sporangium (Fig. S1, Buffered medium (K 2 HPO 4 /KH 2 PO 4 buffer for pH 5-8, NaHCO 3 /NaOH buffer for pH 9-11) was used to investigate growth at different pH. Both strains grew within the range of pH 6.8-9.8 (optimum; pH 8.0-9.0). Salt tolerance tests were carried out using different concentrations of NaCl in the medium mentioned above. Both strains could tolerate up to 6 % (w/v) NaCl. When no NaCl was added, it was found that NaCl was not required for strain JC167 T to grow. Strain JC167
T is a mesophile. Vitamin (biotin, niacin, p-aminobenzoic acid and vitamin B12) requirement was tested by replacing yeast extract with single and combinations of vitamins as growth factors. Strain JC167 T had no requirement for additional vitamins for growth.
Growth was measured turbidometrically at 540 nm in a colorimeter (Systronics). Various biochemical tests such as hydrolysis of starch, Tween 80, gelatin and chitin, oxidase and catalase activity, nitrate reduction, H 2 S production, indole production, and the ONPG test were carried out in the prescribed media as mentioned by Cappuccino & Sherman (1998) . Casein was not hydrolysed and gelatin was liquefied by strain JC167 T and JC168. Tween 80 was hydrolysed by both strains. Strains JC167 T and JC168 were positive for catalase, oxidase and amylase. Strains were negative for urease, chitin hydrolysis, H 2 S production, indole production, denitrification activity and the ONPG test. Utilization of organic substrates was tested using basal medium described for testing organic substrates (Subhash et al., 2013) and substrates were added at a concentration of 0.1 % (w/v) and pH adjusted to pH 9.0 with 1M NaOH. Antibiotic sensitivity of the strains was tested using antibiotic discs (HiMedia Laboratories) containing the following antibiotics (mg): chloramphenicol (10), gentamicin (120), kanamycin (30), nalidixic acid (30), penicillin G (10), streptomycin (10), vancomycin (30) and tetracycline (30). Effects of the antibiotics on cell growth were assessed from the zone of inhibition and compared according to the instructions of the manufacturer (HiMedia; www.himedialabs.com) for susceptibility testing. Strains JC167
T and JC168 were sensitive to the following antibiotics: chloramphenicol, gentamicin, kanamycin, nalidixic acid, streptomycin and vancomycin, but resistant to penicillin G and tetracycline. Strains JC167
T and JC168 grew with ammonium chloride as the nitrogen source.
Absorption spectra were measured in vivo with a Spectronic Genesys 2 spectrophotometer using sucrose solutions for suspending cells (Trüper & Pfennig, 1981) . The whole cell absorption spectrum of strains JC167
T and JC168 showed absorption maxima at 360, 450 and 450 nm indicating the presence of carotenoids. Carotenoids were extracted from lyophilized biomass (0.5 g) in methanol/acetone (7 : 2). Extracted carotenoids were concentrated in a rotary flash evaporator. Carotenoid identification was carried out using C 18 -HPLC analysis (Venkata Ramana et al., 2010) . Absorption spectra of all peaks were compared using a carotenoid database of a lipid bank (http://lipidbank.jp/cgibin/main.cgi?id=VCA), which indicated the presence of bcarotene (29 %), and five unidentified carotenoids (Fig. S2) . b-Carotene was also compared with standards.
Cell material for 16S rRNA gene sequencing was taken from an isolated colony. DNA was extracted and purified using a Qiagen genomic DNA extraction kit. Recombinant Taq polymerase (Genei) was used for PCR. Primers 59-GTTTGATCCTGGCTCAG-39 and 59-TACCTTGTTACG-ACTTCA-39 (E. coli positions 11-27 and 1489-1506, respectively) were used for complete sequencing of 16S rRNA genes as described by Lane et al. (1985) . Identification of phylogenetic neighbours and calculation of pair-wise 16S rRNA gene sequence similarities were achieved using EzTaxon-e BLAST analysis (Kim et al., 2012 (Tamura et al., 2011) software was used for phylogenetic analyses. Distances were calculated using the Kimura two-parameter (Kimura, 1980) method in a pair-wise deletion procedure. Neighbourjoining (NJ), maximum-likelihood (ML) and maximumparsimony (MP) methods in MEGA5 software were used to reconstruct phylogenetic trees. Percentage support values were obtained using a bootstrap procedure. The combined phylogenetic tree (NJ, MP, ML) ( Fig. 1) showed that strain JC167
T formed a distinct branch within the clade of the rRNA group 6 Bacillus and showed closest similarity to type strain B. saliphilus 6AG
T (97.6 %) and other members of the genus Bacillus (,96.8 %).
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C mol% of the DNA was determined by HPLC (Mesbah et al., 1989) . The G+C contents of the genomic DNA of strains JC167
T and JC168 were 53.4±1 mol%.
The taxonomic relationship between strain JC167 T and B. saliphilus DSM 15402 T (56AG T ) was examined using DNA-DNA hybridization. The membrane filter technique was used to determine genomic relatedness using a DIG high prime DNA labelling kit (Roche). A sample containing 0.5 mg DNA in 170 ml 100 mM Tris-HCl (pH 7.5), 30 ml 2 M NaOH and 100 ml of 206 SSC buffer was added and then heated at 80 u C for 10 min and immediately cooled down to room temperature. After denaturation DNA was loaded on to a nitrocellulose membrane, as previously described (Seldin & Dubnau, 1985; Chakravarthy et al., 2012) . Hybridization was performed with three replications for each sample and the mean values quoted as DNA-DNA relatedness. The DNA-DNA reassociation value between strains JC167 T and JC168 was .90 %, while strains JC167
T and JC168 were only 25.8±1 % related (based on DNA-DNA hybridization) to B. saliphilus DSM 15402 T .
Based on genomic relatedness, strains JC167
T and JC168 represent a novel species, according to recommendations for delineating bacterial species (Stackebrandt & Goebel, 1994; Meier-Kolthoff et al., 2013) . Further characterization of strains JC167
T and JC168 was carried out and they were compared to B. saliphilus DSM 15402 
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Clostridium butyricum VPI 3266 T (AJ458420) The peptidoglycan of cells of strains JC167 T and JC168 were isolated after disruption of the cells by shaking with glass beads and subsequent trypsin digestion, according to the method of (15-16) (2) (7) (2-3) (0) pH range for growth (optimum) 6.8-9.8 7-9.5 (8.5-9.0) 7.5-11.0 5.8-11.0 7.5-9.7 6.0-8.5 (8.0-9.0) (9) (9) (8.5) (8.5-9.0) (7.0-7.5) Temperature range (optimum) ( u C) 
Tween 80 --All taxa are positive for catalase activity and acid production from D-glucose; have phosphatidylglycerol, diphosphatidylglycerol and phosphatidylethanolamine as major polar lipids and meso-diaminopimelic acid as the diagnostic diamino acid. Schleifer (1985) . The cell wall was hydrolysed for amino acid analyses as described by Schleifer & Kandler (1972) . Amino acids in cell-wall hydrolysates were analysed by HPLC (McKerrow et al., 2000) . Cell-wall amino acids of strain JC167 T and B. saliphilus DSM 15402 T were glutamic acid, alanine and meso-diaminopimelic acid (Fig. S3) . The diagnostic meso-diaminopimelic acid corresponded to that of other members of the genus Bacillus (Priest et al., 1988; Carrasco et al., 2007; Zhai et al., 2012; Amoozegar et al., 2013) .
For cellular fatty acids, chemoheterotrophically grown cultures were harvested during the late exponential phase (Fig. S4) . Cellular fatty acids were methylated, separated and identified according to the instructions for the Microbial Identification System [MIDI version 6.0; peak identification was based on the Aerobe database (RTSBA6.0B); Agilent model 6850] (Sasser, 1990) . The peaks obtained were labelled and the equivalent chain-length (ECL) values were computed with Sherlock software. Whole-cell fatty acid analysis revealed that iso-C 15 : 0 (13.3 %), iso-C 16 : 0 (15 %), anteiso-C 15 : 0 (28 %), anteiso-C 17 : 0 (11.2 %), iso-C 14 : 0 (7.4 %), C 16 : 0 (5.7 %) and C 16 : 1 v7c alcohol (5.2 %) were the predominant fatty acids with minor amounts of iso-C 17 : 0 (4 %), C 16 : 1 v11c (1.4 %) and anteiso-C 17 : 1 B/iso-C 17 : 1 I (1.2 %) (Table S1 ).
Polar lipid profiles were analysed by extracting polar lipids with methanol/chloroform/saline (2 : 1 : 0.8, by vol) from 1 g freeze-dried cells, as described by Kates (1986) . Separation and identification of lipids was carried out by two-dimensional chromatography on a silica gel TLC plate (Kieselgel 60 F254; Merck) as described earlier (Raj et al., 2013) . Phosphatidylethanolamine, phosphatidylglycerol and diphosphatydilglycerol were the major polar lipids of strains JC167
T and JC168 (Fig. S5A ). Polar lipids of strain JC167
T differed from those of the type strain B. saliphilus DSM 15402 T (Fig. S5B ) as unidentified lipids (L1, 2, 3) unidentified amino lipids (AL1 and AL2) and unidentified aminophospholipids (APL) were present and unidentified lipid (L4) absent. MK-7 was the major quinone of strain JC167 T and B. saliphilus DSM 15402 T ; analysed by HPLC after extraction with a chloroform/methanol (2 : 1, v/v) mixture and purified by TLC (Hiraishi et al., 1984;  Fig. S6 ).
Strain JC167
T was distinct (Table 1 ) from its closest phylogenetic neighbour, B. saliphilus DSM 15402 T , with respect to colony colour, cell shape and formation of endospores, as well as NaCl tolerance, and temperature and pH ranges for growth. It was also distinct with respect to nitrate reduction, indole formation from tryptophan, hydrolysis of starch and Tween 80, organic substrate utilization, acid formation from some sugars, carotenoid composition, presence of significant levels of various fatty acids (C 16 : 0 , anteiso-C 17 : 0 , iso-C 14 : 0 , C 16 : 0 and C 16 : 1 v7c alcohol), presence of unidentified lipids (L1, 2, 3), aminolipids (AL1, 3) and aminophospholipid (APL) and absence of unidentified lipid (L4), and a higher genomic DNA G+C content (mol%). Strains JC167 T and JC168 also had distinct differences to other closely related Colonies are entire, opaque, orange and circular with irregular margins. Texture is brittle/friable with a raised elevation. Diameters range from 1.0 to 2.0 mm after 5 days of growth under optimal conditions. Cells are small rods, Gram-stainpositive, 0.9-1.0 mm61.0-3.0 mm. Cells are non-motile and multiply by binary fission. Cells form terminal endospores of cylindrical to oval shape (sized 0.5-0.6 mm 60.9-2.0 mm) in a swollen sporangium. Mesophilic, alkaliphilic and halotolerant. NaCl is not required for growth and up to 6 % (w/v) NaCl is tolerated. Whole cells have absorption maxima at 360, 450 and 450 nm. b-Carotene and five unidentified carotenoids are present. Optimal growth occurs at pH 8-9 (range: pH 6.8-9.8). Casein is not hydrolysed while gelatin is liquefied. Tween 80 is hydrolysed. Catalase, oxidase and starch hydrolysis are positive. H 2 S production, indole production, the ONPG test, urease, chitin hydrolysis and denitrification are negative. L-Rhamnose, D-galactose, Dglucose, D-fructose, cellobiose, D-mannitol, lactose, Dmannose, D-sorbitol, sucrose, pyruvate, L-aspartic acid and citrate are utilized as carbon sources for growth, while Lfucose, D-sorbitol and L-glutamate are not. Acids are produced from D-glucose and sucrose, whereas they are not observed from D-galactose, L-arabinose, D-mannitol, Dfructose, cellobiose or D-mannose. Ammonium salts are used as good nitrogen sources. Vitamins are not required for growth. Sensitive to chloramphenicol, gentamicin, kanamycin, nalidixic acid and streptomycin. Resistant to penicillin G and tetracycline. meso-Diaminopimelic acid is the diagnostic diamino acid. Major fatty acids are iso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 14 : 0 , C 16 : 0 and C 16 : 1 v7c alcohol. Minor amounts of iso-C 17 : 0 , C 16 : 1v11c and anteiso-C 17 : 1 B/iso-C 17 : 1 I are present. Phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, unidentified amino lipids (AL1, 2), unidentified lipids (L1, 2), aminophospholipid and an unidentified phospholipid are the major polar lipids. The G+C content of genomic DNA is 53.4±1 mol% (by HPLC).
The type strain is JC167 T (5KCTC 33100 T 5LMG 27257 T ), isolated from soil at Mandpam, Tamilnadu, India. An additional strain (JC168) with very similar characteristics as the type strain was isolated from a nearby habitat.
